Since the development of technique for recording intraretinally the response to light by TOMITA in 195014), the technique has been utilized as direct means for localizing the origin of the ERG in the vertebrate retina. However, due to difficulties of determining the location of the tip of the microelectrode within the retina, results obtained by several investigators were never consistent: While TOMITA and his group14, 17, 20, 21) maintain the view that the main origin of the ERG is not in the receptors themselves but proximal to them, OTTOSON and SVAETICHIN8'9), SVAETICHIN12,13), and BRINDLEY2-4) conclude that the ERG is exclusively of receptor origin. The latter view appeared to be strongly supported by SYAETICHIN'S important discovery of a big slow action potential in the fish retina (the cone action potential, graded photopic response, or S-potential) which was believed to originate from the cones").
Doubt was cast on this belief by TomITAH), based on the observation that the depth from which the S-potential is recorded does not agree with the cone layer. The cone origin theory also contradicted the observation of TOMITA et al. 22 ) that the amplitude of the 5-potential depends strongly on the retinal area illuminated. Final solution of the problem was given by later histological approaches of MACNICHOL, MACPHER-SON and SVAETICHIN5), OIKAWA, OGAWA and MOTOKAWA7), MITARAI6), and TOMITA et al. 19) , who all agreed in excluding the receptors as the origin of the S-potential.
While the change in view regarding the origin of the S-potential appears to make our standpoint regarding the localization of the ERG somewhat stronger, it is considered to be worth while to apply our histological method used for localizing the S-potential to the frog's retina for localizing the ERG, constituting the subject of this paper.
METHOD
After the eye of the bullfrog, Rana catesbiana, was excised and opened, the retina was detached from the pigment epithelium and was mounted, with the receptor side up, on a silver plate which served as the indifferent electrode.
The optical stimulator used has been described elsewhere20).
FIG. 1. (Left) Arrangement
for recording the ERG with a pencil-type microelectrode in the retina. Channel-I records the potential difference between the inner and outer pipettes whose tip distance is 50/2, and Channel-II the potential between the inner pipette and indifferent electrode. Retraced from TOMITA14). e0 ; e.m.f. of the ERG. e potential obtained between an intraretinal micropipette El and indifferent electrode E2. R1 and R2 ; resistances of the retinal tissue from the opposite retinal surfaces to the depth at which the micropipette is located.
R3 ; resistance in the external circuit.
For the recording of the ERG, Tomita's pencil-type coaxial microelectrode15,21) was used which consisted of a superfine inner pipette filled with 10% potassium ferricyanide and a Ringer-filled outer pipette. The inner pipette was set to protrude a fixed distance of 50 out of the tip of the outer pipette, and both pipettes at this fixed tip distance were inserted altogether into the retina from the receptor side. FIG. 1 shows the connection of the pipettes to a two-channel amplifier.
Channel-I records, because of its differential connection, the potential difference between the tips of the two pipettes, while Channel-II records potentials between the inner pipette and the indifferent electrode, giving the ordinary depth recording.
For the reason below, the depth where Channel-I records a maximal response was taken to correspond to the main origin of the ERG.
Let us assume a doublet layer in the retina as shown in FIG. 2 . One may consider it the layer of the ERG (or one of its components).
As has been discussed by T0mrrA14), the distribution of the ERG potential across the retina depends on the external resistance R3 . So far as the ERG layer is between a pipette and indifferent electrode, the recorded potential (e) is (1) and, after the pipette has penetrated through the ERG layer to the side of the indifferent electrode, Under such a special condition, a pipette records a full size ERG as long as the ERG layer lies between it and the indifferent electrode, and, after the pipette has passed through the ERG layer, no potential is recordable.
The size of the ERG to be recorded with a pipette from a depth half way through the doublet layer (the depth marked by a cross in the figure) changes depending on the value of R3 . Therefore, the size of the ERG obtained in this way, or through Channel-II in FIG. 1 , cannot be an appropriate criterion for localizing the ERG.
The most reliable criterion will be the point marked by a cross in FIG. 3 , because at the depth given by this point the potential gradient is always maximal irrespective of the value of R3 and, therefore, this depth could easily be determined by means of pipettes connected differentially, or by means of Channel-I in FIG. 1.
At the depth where a maximal response was obtained through Channel-I, ferricyanide ions in the inner pipette were expelled electrophoretically to react with ferrous ions applied to the retinal surface to diffuse into the tissue. The reaction resulted in a small spot of "Turnbull's blue" around the tip of the inner pipette. After the electrode was pulled out, a semi-micropipette filled with 10% potassium ferricyanide was lowered by means of a micromanipulator onto the retinal surface at the region where the response was recorded.
Ferricyanide ions flowing out of the semi-micropipette produced a blue patch on the retinal surface. This patch made so as to be about 0.5 mm. across served to limit later histological examination to the sections carrying this mark.
The retina was then fixed by 10% neutralized formaline, imbedded in paraffine, and cut in series of sections 12 11 thick. The sections carrying a blue mark on the surface were selected at this stage with the aid of dissection microscope. The sections thus selected were stained by eosin and examined under a microscope. Precautions in connection with the above procedure have been described in a previous paper"). of the electrode tip (cf. 19) is seen on the border of the inner plexiform and inner nuclear layer. As has been mentioned in a preceding paper19), a model experiment in Ringer-gelatine gel has proved that the ring is formed surrounding the electrode tip. The blue spot in this example is not exactly in the center of the ring, but it is probably safe to judge that the tip was close to the border of the inner plexiform and inner nuclear layer. PLATE 3 shows still another example, (The receptor layer was removed during histological processes.)
A blue ring is seen in the inner plexiform layer close to its distal border. No blue spot was detectable in this case, but the tip of the inner pipette is assumed to have been in the center of the ring. H. Experiment on the isolated retina deprived of rods; It was reported preliminarily') that the PHI component in the ERG is isolated after the retina has been deprived of the rod outer segments. PILZ, SICKEL and BIRKE") reports a similar observation on retinas with a mechanical damage, and YAMASHITA23) also on retinas with a mechanical damage to the receptors. A series of records in FIG. 5 were obtained by a surface electrode on the receptor side of an isolated retina, one half of which has been deprived of rod outer segments by allowing them to adhere to a piece of filter paper, while the remaining half was left intact . The region deprived of rods lost the color of the visual purple and was easily distinguishable from the intact region. The blue ring in PLATE 4 was formed at the position of the inner pipette at which the maximal potential was obtained between it and the outer pipette set 50 p, apart.
The 3. The theoretical distribution of the ERG potential across the retina as shown in Fig. 3 A makes one predict that the potential recorded with the differentially connected pipettes from layers on both sides of the ERG layer, i.e. from layers a-b and c-d in FIG. 3 A, is opposite in polarity to that obtained from within the ERG layer.
It was difficult, however, to detect any marked potential change in these layers.
This means that the external resistance (R3 in FIG. 2 and in Eq. 1-2) is high enough in the isolated retina to satisfy the condition of R3> R1+R2, or the relation illustrated in FIG. 3 This work was supported by a grant from the Ministry of Education.
